The development of phenoloxidase during amphioxus embryogenesis was spectrophotometrically and histochemically studied for the ®rst time in the present study. It was found that (1) PO activity initially appeared in the general ectoderm including the neural ectoderm and the epidermal ectoderm at the early neurula stage but not in the mesoderm or the endoderm, and (2) PO activity disappeared in the neural plate cells but remained unchanged in the epidermal cells when the neural plate was morphologically quite distinct from the rest of the ectoderm. It is apparent that PO could serve as a marker enzyme for differentiation of the neural ectoderm from the epidermal ectoderm during embryonic development of amphioxus. q
Results and discussion
Phenoloxidase (PO) or tyrosinase (EC1.14.18.1), ®rst found by Bloch (1917) , is a bifunctional copper-dependent enzyme. It is capable of catalyzing the oxidation of dopa quite rapidly to dopaquinone, which in turn quickly autooxidizes to other products that polymerize spontaneously into insoluble melanin (Lerch, 1988) . PO has been studied in a large variety of animals including both vertebrates and invertebrates and is considered as a putative molecule active in immune responses (Cicero et al., 1982; Johansson and Soderhall, 1996; Sugumaran, 1996) . The development of tyrosinase has been investigated only in amphibian embryos. It was found that tyrosinase is ®rst synthesized at the early neurula stage immediately following the embryonic induction of the neural plate by the underlying chordamesoderm (Benson and Triplett, 1974a,b) . The authors located enzyme activity in whole embryo extracts, so it was dif®cult to know which cells express the enzyme.
The amphioxus, a cephalochordate, has long been regarded as the living invertebrate most closely related to the archetype of vertebrates. Azariah (1973) The embryos at the appropriate stage of development were homogenized in sodium cacodylate buffer (CAC, pH 7.0), and centrifuged at 5800 £ g for 10 min at room temperature and the supernatant was collected. The reaction mixture for the assay of PO activity was comprised of 0.1 ml supernatant, 0.1 ml 20 mM l-dopa and 2.8 ml CAC. For the control, 0.1 ml CAC was used to substitute for the supernatant. After 10 min incubation at 378C, the absorbance of melanin at 490 nm was measured. The enzyme activity was expressed as units, where one unit is de®ned as 0.001 OD/min per mg protein. E, fertilized eggs; B, blastulae; G, gastrulae; N, early neurulae; H, newly-hatched larvae; L, 1-day-old larvae.
2000). The present study addresses the development of PO in the amphioxus embryogenesis.
By use of a spectrophotometric assay, we found that no PO activity was observed during the initial 5.5 h of development from the fertilized eggs to the mid-gastrula stage (Fig. 1) . PO activity was initially observed at the early neurulae stage. By the hatching stage a large increase in the amount of PO activity was detected and in 1 day larvae PO activity declined slightly. Temporally, this is in agreement with that in amphibian embryos. The signi®cance of close temporal correlation between an increase in PO activity and hatching needs further scrutiny.
By histochemical staining, the location of PO activity was indicated by insoluble brown or black precipitates of mela- Fig. 2 . Brown precipitates of melanin in the histochemically stained embryos and larva. The paraformaldehyde-®xed embryos and larva were rinsed with distilled water and incubated in 0.1 M phosphate-buffered saline (PBS, pH 7.4) containing 5.6 mM l-dopa for 5 h at 378C. The control specimens were either incubated in PBS alone, or preincubated in PBS with 10 mM PTU, the PO-speci®c inhibitor, and then incubated in PBS containing both 5.6 mM l-dopa and 10 mM PTU. Following incubation, both experimental and control specimens were washed and ®xed again in Bouin's ®xative. The well-stained embryos and larva were mounted, or they were double-embedded in agar-paraf®n, then sectioned serially at 7 mm and counterstained with eosin. Note PO activity was shown by insoluble brown or black precipitates of melanin in the ectodermal cells. nin in the cells of embryos and larva (Fig. 2) . The wholemount microscopic observation of the histochemically stained embryos con®rmed the results of the spectrophotometric assay: no PO activity was found in fertilized eggs, blastulae or mid-gastrulae; the earliest stage at which PO was detected was the early neurulae (Fig. 2B) ; there was then a conspicuous reaction in the ectodermal cells. For the hatched and 1-day-old larvae, the histochemical reaction was intense in the ectodermal cells (Fig. 2C,D) .
The histochemical sections revealed that the apical cytoplasm of the cells of the general ectoderm including the neural ectoderm and the epidermal ectoderm in the early neurulae was stained intensively; neither the mesodermal nor the endodermal cells were stained (Fig. 2E) . However, the staining intensity in the neural plate cells became progressively decreased with neurulation (Fig. 2F) . When the neural plate was morphologically quite distinct from the epidermal ectoderm at 10.5 h neurulae and newly-hatched larvae, PO activity disappeared in the sank-down neural plate cells and neural fold cells, while it remained unchanged in the epidermal cells (Fig. 2G,H ). The ®rst presence and then absence of PO activity in the neural plate cells render it a marker enzyme for differentiation of the neural ectoderm from the epidermal ectoderm during embryonic development of amphioxus.
In summary, this paper provides a description of the phenoloxidase gene expression pattern. The gene is activated in the ectoderm of the gastrulating amphioxus embryo. Expression persists in the de®nitive ectoderm, but disappears in cells destined to form neuroectoderm. Therefore, PO could serve as a marker enzyme for differentiation of the neural ectoderm from the epidermal ectoderm during amphioxus embryogenesis.
